APPROVED FOR PUBLI C RELEASE

b d ) e 1] & . LI e
- [ Lans,  $-12-9
UNCLASSIFIED <
6” \ ‘. n Bt
N T O
/, v, &
04, "/ "10 \%
cr RS
»
VERIFIED UNCLASSIFIED COF!’J Y ‘e
ZZ e, posib_ 3129
4
1A REPORT 116 C. 3
1’ - .~ il = ' a an - '
July 28, 1844 | This dooument contains 22 pages
TIME OF COLLECTION OF ELECTRONS IN IONIZATION CHAMBERS
WORK DONE BY: REPORT 'WRITTEH BY:
d. Allen : J. Allen
B. Rossi

I

3
&

W’ﬁ

Jilll

1

LOS ALAMOS NATL. LAB. LIBS,

Il

3 9338 00349 9851

il

L UGS

APPROVED FOR PUBLI C RELEASE



ABOUT THIS REPORT
This official electronic version was created by scanning
the best available paper or microfiche copy of the 
original report at a 300 dpi resolution.  Original 
color illustrations appear as black and white images.

For additional information or comments, contact: 
Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov



APPROVED FOR PUBLI C RELEASE

UNCLASSFipp "~

Lo

aBsTRACT %
Sr——v—— 2w L7s

<,

The drift velocity of electrons in A, CO2, A + C0p mixturqs, BF
EClg has been moasured as a funotion of the field-pressure r;g;82a§z§%zhgpe dri
velocity in an A + COp mixturé is found to bo greater thean in eitheryﬁgmponent,

This information was obtained from the observation of the rise time of the pulses
produced by ths collection of electrons in & parallel plate lonization chamber.

A source of Po alpha particles produced the necessary ionization.
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TIME OF COLLECTION OF EILECTRONS IN%IZATION CHAMBERS R

1. Introduction e s
VCQW<(C%%Vr
The present investigation was undertaken with the pugzag%.oé'oheoking

end supplementing the existing information on the mobi}ity of electrons in gases.
The date available in the ligerature do not appear very consistent, the reason
presumably being that, at least in the early investigations, the gases wers not
sufficiently pure. On the other hand,.reliable information on the mobility of
eleotrons is neocessary in order to.calculate the time of ccllection of elesctrons
in a given jonization chamber. It is partioularly important from the prectiocal
point of view to dsetermine unde; vhat 00nditioﬁa this time of collection is

shortest.

2. Caleulation of the Mobility of Electrons in Gas Mixtures

In this section it will be shown how.the mobility of electrons in a mix-~
ture of gases can be computsd, if the behavior of the electrons in the pure com-
ponents is known. It is, of course, assumed that no chemical reaction takes place
between the gases which form tho mixture. A purely phenomenological approach will
be followed in order to avoid the introduction of unnecessary hypotheses, For
simplicity, it will be assumed that no electron capture takes place.

Consider first a pure gas, in which eleotrons are liberated by some
ionizing agent. In the absonce of any electric field, the electrons move at ran-
Gom with an average energy equal to the thermal translation energy of the gas
molecules 3/2 k T, where k is the Boltzmann constant, T  the absolute tempora-
2 o

ture. At room temperature 5/2 kTP =3.7x 107 ev. When an electric field B is

applied, a drift velocity W is superposed to the irregular motion of the eleo~,
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trons end their average energy is inoreased,ﬂbqv@’tho,thermal value. _let
HE L {ORITY

K(S/é k T) bo the new value of this average energy. - “'-Vcoamhrrgg

Thé values of K and W are determined by an equilibrium condition he-
tween the energy and momentum imparted by the electric field to the electrons and
the energy and momentum transferred by the electrons %o the gas molecules through
collisions.

For a given gas, the amount of energy transferred per unit time by tho
electrons to the gas molecules depends on the onergy distribution of the electrons
}nd, for a given emergy distribution, it is proportional to the number of collie~
sions per second, i.8., to the pressure p. At this point we will introduce the

assumption that the energy distribution of electrons is uniquely determined by

their average energy. We can then write:

(evorage energy transfer per second) = pe(K),

;hara € 1is a funotion of K and represents the average ensrgy transfer per sec~
ond per electron in & gas at unit pressure.

The above assumption regarding the energy distribution of electrons is
certainly not correct. It is felt, however, that it does not introduce any large
source of error. On the other hend, the alternative would be actual caloulation
of the energy distribution of the electrons under the various conditions. One can
hardly hops to carry out this caleulation rigorousiy, both because of mathematical
difficulties and lack of knowledge of the cross~sections for the various typss of
collisions.

éonsidering now the momentum transfer from electrons to gas molecules,

one can easily see that the rate at which this transfer takes place in a given gas
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depends not only on the gas preassurs and on the ”eheggfl’édispgﬁbuj‘: gn of the elec~
: ATIONCINEEI‘» HORIT
trons, but also on the drift veloocity W. Since it is zero fé’mv;,—r.-fo and changes

£

s8ign with W, we can consider the momentum transfer proportional to W and write
{average momentum trasnsfer per second) = p W m (X).

Bere. # is a function of the average elsotrons energy K and represeants thoe

average momentum loss per seccond for W =1 and p = 11) .

The condition that ths aversge energy and momentum of the electrons are

constant enable us now to write the following equationa:

eEW=pe¢ (K) @

eE =pW=x (X) (2)

from which one sees that §(X) and ‘JI(K) can ba calculated, for a given gas, if
W end K are measured as functions of B/p.

Consider now a mixtura of n gases with partial pressures Py» Pz"""pn'
The average energy transfer per second from electrons to gas moleculea in the mix-

ture is given by

Py €y (K) ¢ Py, 65 (K) + eeven +p, 6, (K)

1) In most treatises the rate of momentum loss is described by a mean free path for
acattorins at unit pressure, L. This I 3is defined as the average distance
between collisions, and the assumption is made that, after each collision, the
motion of the slsctrons is distributed at random. Thias hypothesis is not true
and for our purposes unnecessary. Therofore we prefer using the concoept of
average momentum loss T rathor than the concept of mean free peth. Formally
the two quantities are related by the equation i=m /1L (n = mass, v = velo~
eity of the eleotrons). Similarly, the rate of energy loss is often described
by asaigning the average fractional onergy A lost per collision. This quan-
tity is related to ¢ by the equation

iy o > - UL Pz B
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where ¢€,(K), €p(K).e...6,(E) are the values fSﬂluﬁ.Qfﬁlﬁyigﬁzﬁp the varions Ekse
u[ -£ “OR

and computed for the average electron emergy K which prevalyékﬁn Ehe ure.

Hence BEg. (1) still holds with

6= (py /p) ¢ (R) + (/D) &3 (K) + oeve ¢ (B/P) 6y (B (3)

rd

where p is the total gas pressure.

Similarly Eq. (2) bholds with

n= ((or/p) T (8) + (/D) T (K) + oeee * (o) Ty () ()

whers T4, T, «... %, are the Qalues for T relative to the various gases. If
the properties of the pure gases are given, i.e., if €3(K), €2(K) .... en(K)s
mi(K). ﬂh(x) rese ﬂh(K) are known as funotions of K, 6(K) and ®(K) are knom for
the mixture (from Eqs. (3) and (4)). The two simultanecus Eqs. (1) and (2) ocan
then be solved for W and determine therefors the value of the drift veloeity im
the mixture.

As an example, let us consider a mixture of 90 porcent argon, 10 percent
CO2. In what follows, the pressure will be measured in rm Hg and the electric
field in volts/cm. | ‘

The curves marked A snd COp in Fig. 1 and Fig. 2 represent ¢/s and Ve
for A and for CO, respectively. These curves were calculated from the data in tho

book by Healey snd Reed; "Behaviour of Slow Electrons in Gases". The curves

marked .9 A + .1 COp in the same figures give the values of
(&/e) = 0.9 (e/e) + 0.1 (e/e) and
A 002

(we) = 0.9 (#e), +0.1 (”/0)002

.
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for the mixture. The product of these two quantiﬁ;b@;mcgggding to Eq:s.ﬁ‘emd‘7 ‘
B

Y AUT 0
(2), gives (E/p) as a function of K for the mixtRiE S%c,‘q;&?ple,:éﬁenﬁ&ds

o, HTTxm TE
E/b = 1 for K =27, which means that a7 Q*'k T) is the energy of electrons in the
mixture whon E/p: 1. PFor K=27, Fig. 2 gives 1;/0 = 1.35 x 107 -7 from which one

caloulates the drift velocity st B/p = 1 !
W = (8/p)/{e) = T.4 x 10% on/soc.

It is interesting to note that this velocity is considerably highor than
the drift velocities in either pure argon or pure COp, which are (agein for
E/b =1) 6 x 10% and 5.5 x 108 respectively. The physical reason for this fact
can be éasily understood from an analysis of the behavior of electrons in the two
gases. Fig. 1 shows that tha'energy loss of electrons in argon is very ema2ll un-~
$il K reaches a value of about 270 (which corresponds to 10 ev) and then starts
rising abruptly, while in COp the ensergy loss ls alrsady large for small values'of
K ond rises steadily with inoreasing K. This is due to the fact that in argon
no inelasfio collisions occur unleas the electrons have an energy largsr than the
firet excitation level, which is of the order of 10 ev. In COz however inelastic
collisions aocur very frequently already for small electron energies, because of
the large number of low excitation levels of the GOé molaculs. It follows that in
pure argon even with moderate wvalues of E/p, the average electron energy is quite
high, i.e., of the order of 10 ev. Addition of 10 percent COz ocuts down this
energy very considerably (to about 1 volt with E/p = 1).

On the other hand, Fig. 2 shows that tho.average momentum Joss in argon
decroages rapidly with decreasing electron ensrgy. This is essentially due to tho

decreass of the elastic scattering cross-section with energy, known as the Ramsauer
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effoot. The momentum l0s8s in the mxtureBszQ,%,:@EJ’O‘r&{ 1!,62 L ngt Fery, different
from the momentum lossg in pure A, on account of the smo.ll propo%i'mr&(‘ €0z

Honce one can say that the main effect of a small addition of CO, to A is to bring
tha sverage electron energy from a high value, for which % is large, to a low
value, for which T 4is small. This inoreases the electron mobility because this
quantity is inversely proportional to .

Ag compared with pure COp, the drift velecity in the mixture is larger
bacause the CO, is more diluted. In other words the drift velocity that one ob-
tains in one atmospher® of 0.9 A plus 0.1 CO2, with a given electric field, is not
mich smaller than the mobility that one would obtain with the same f£field in 0.1

atmosphores of CO, alone.

3. Earlier Measurements of the Drift Velocity W and the Average Energy of
Agitation X

Moat of the early measursments of the drift velocity W have been made
by a method developed originally by Tosmsend. In this method electrons produced
oither thermionically or photo-~electriocally are allowed to move in a uniform
electric ficld between two parallel plates. The lower plate has three collecting
olectrodes. A uniform magnetic field H is applied in a direction ndrmal to thet
of the electric fisld E. By measurement of the angular deflection © of the
electron bemm, Townsend was able to calculate the drift, velocity W by means of

the relation
tan 8 = (BV/E).

K may also be measured by Townsend's method in the following manner. In

tho absence of the magnetic field the electrons will drift in the direction of the

APPROVED FOR PUBLI C RELEASE
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electric field and also will diffuse oiﬁ‘:s\yz;f She! %%nggwctx?% £$§ml to the
eloctric field. Therefore a certain fracti‘c‘:l D:f LAﬁo é%&ptga%%}mﬁn reach tha
outer collecting electrodes. The ratio of the current collected by the outor te
that collected by the ocentral eleotrode is determined for warious values of E/b
and then K can be determined from a eolut;on of the diffusion equation.

Bailey and Healey have ussd methods similar to that of Toamsend. Most
of the data given in the book, "The Baﬁaviaurléf Slo¥ Eleotrons in Gases™, have
been measured in this manner. ,

Bradtury and Nielson ﬁaveloped an elactron shutter, originally invented
by Loob for a different purpose. Thia ahutter consists of a grid of fine parallel
wires separatad by a distancalof 1 mm and insulatad from one apnother. Alternate
wires are comnected to the opposite termin&is of an oscillator operating at fre-=
quencies of 104 to 107 cycles per sscond.

A potential difference of some tens of volts applied to such a pair of
wiros makes them able to oatoh all the free electrons in théir neighborhood or be-
tweon them. Such a grid is transparent to electrons for a very short time only
when it is pessing through zero potential difference. In practice two such
shutters are used, and from & kmowledgs of their separation and the frequency of

.the oscillator the time required for an electron to pass botween the two shutters

can be determined.

4. The Direct Mecsuroment of tho Electr92‘001lection Time in en Yonization thmber

The present investigation was underteken for the following reasons. Much
of the existing information on electron drift velocities is neithor very accurate
nor consistent. In addition, many of the gases used in ion chambers have not been

investigsted and no measurements of the collection time in an A-COz mixture have
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produced by an ionization chamber is desirable. fon )

T

A diagram of the parallel plate ionization chamber and gas purifier is
shown in Fig. 3. The high voltage electrode A was & cirouler steel disk 2" in dia-
meter supported by a rod through a Kovar porcelain insulator. The separation be~
twoen the electrode 4 and the collector ¢ was 16 mm. A Po alpha-particle source at
S produced a thin heam indicated by thé dotted line. Gas was admitted to the
chember through 2 needle valve equipped with a metal bellows instead of a packing
gland.

The gas purifier consisted of a steel tube containing several grams of
calcium pellets. A small quantity of glass wool at either end of the tube pre-~
vented calcium powger from entering the ion ochamber. The purifier could be heated
to 350° ¢ by means of a coil wound on a layer of asbestos paper around the steel
tube. The gas £illing procedure consisted in evacuating the system, outgassing the
purifier at 350° ¢ for several hours and finally torching the ion chamber to a
temperature of about 150° C. The gas was admitted to the system after it had
cooled to room temperature.

A block diagram of the amplifiers and sweep circuits used for measuring
the electron collestion time is shown in Fig. 4. The low froguency ou£ off of the
amplifier was determined by a time constant of 20 microscoonds in the grid eirouit
of the first tube of the main amplifier. The cutput of the main amplifier was con-
nected to a one microsecond delay line and also to a pulee discriminator. The dis-
criminator triggored a sweep circuit each time a pulse was recorded. Since a time

of about 0.2 psec was required to start the sweeps the one miorosecond delay

caused the pulses to appear about 0.8 psec from the beginning of the sweep. Tests

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

& \»:%?:\

19?'}\ - -~ S

with a pulse generator showed that the delay llne‘%&qgﬁﬁeﬂ‘négl;glble dzstortzon

S~

ECL \’7"\ L -
in pulses having a rise time greater than 0.1 microsecond. fﬂb«;xse ﬁimq of the

- ;' \\'

4‘ 7‘)»

Co,
entire emplifier was about 0.2 miorosecond and the gain was 3.5 x 10 . 'TT
<8

Argon

The argon was obtained from an Ohio Chemical Co. tank and was 99 pefoent
pure. After the cohamber had been filled to the desired pressure the purifier was
operated at 300° ¢ for an hour. Measurements of collection time and pulse hoight
wore teken with the purifier at room temperature. Pressures of 840, 1100, 1050
and 2080 mm Bz were used. Within the experimental errors, W was bound to be a
function of E/b, as anticipated.

The data for electron collection in ergon is plotted in Fig. 5. Curve A
represents the drift velocity as a function of E/b with the o particles parallel
to the condenser plates and curve B represents the drift velocity measured in an-
other chamber with the otparticle beam perpendicular to the condencer plates.
Curves C and D, respectively, represent the data of Townsend and Balley and of
Bradbury and Nielson for the drift velocity. The pulse height as a funotzon of

E/b is given in curve E.

0z

The €Oy gas was obtained from an Ohio Chemical Co. oylinder and Qas ine
troduced into the chamber without further purification.The pressure used was 890
mn Hg. The pulse height observed was much smaller than for argon under the same
conditions. However, after the purifier containing calcium had been hesated for an

hour at 140° ¢ the pulse ﬁeight increased to a value about 0.8 that observed for

argon.

7

-
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Curve A of Fig. 6 represents our valué%ofo:‘d' ‘dyifc veloo‘it
3 ARG Iyt
‘Ls,p A
end ocurve B represents the data of M. F. Skinker. Curve *%xje« g;‘HéTq&g.se hoxgﬁt

as & funotion of E/p, according to our measurements.

A + CO2

In order to measure the drift velocity in a n;ixture of A and COp the ion
chambor was' filled with A to a pressure of 840 mm Hg and then the gas was purified
as before. Sufficient (02 was added to make the mixture and then the purifier wes
heated to 140° ¢ in order to purify the COs.

Curves A and B of Fig. 7 ropresent the drift velocity in .9 A + .1 COp
end -95 A + .06 COp. Curve C was calculated for e mixture of .9 A + .1 COz by the

method desceribed in sseotion 2. .

BFg

The BFz gas was prepé.red byVHorace Russell from two different aources.
Gae was taken from en Ohic Chemical Co. tank and passed through a tube containing
NaF and condensed in a trap cooled with liquid nitrogen. The gas was punped and
melted twice in this trap and no non-condensible gas wes present at the last
freezing. The second source of BF; was the compound CGBéNZBFéu whioch was care~
fully dried end thormally decoz;zposed in a vacuum. Analysis by the HCN method in~
dicsted that the gas was from 99.7-—»99.8 percent pura.

The drift velocity as a function of E’/p for four samples of BF:5 is given
in Fig. 8 and the pulse height as a function of F/p is given in Fig. 9 where the
pressures used are also indicated.

The drift velocities observed in the four samples agree reasonably well.

Bowever, there is considerable difference in the values of the pulse height ob-
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served at a given value of E/p in the four samplss of BFS qupxs'ﬁﬁdgyates thek \v

presence of ‘some impurity in the BFg which causes appreciable eleé%quvgapgﬁre.

Egii

BClz was obtained from Columbia University in a sealed ampoule end was
‘guaranteed to be 99.5 percent pure. Tho ion chamber was evacuated, torched and
filled to a pressure of 381 mm of Hg. Several days later the 3013 was removed
from the ion chamber frozen and pumped and /2 sample distilled from CO, ice trap
and discarded. The remainder was returned to the ion chamber. The purpose was to
Yemove any Hdl which may have been formed by hydrolysis. The final pressure was
191.5 mm of Hg. No electron pulses could be observed for either of the fillings,

which indicates large electron cepture.

Conclusion

Qur measurements give, for the drift veloeity in argon and CO;, values
of the same order of maghitude as the published data. The drift velocity in mix-
tures of argon and CO; was found to be considerably larger than in either compo-
nent, in qualitative agreemont with the theory. Iarge drift velocities were found
in BFz. We wish to emphasize that thess are to bs considercd only as preliminary

resulté and that further measurements are desirable.
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